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MICRO-ELECTRO-MECHANICAL DEVICE 
AND METHOD OF MANUFACTURING THE 

SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a micro-electro-mechani 
cal device including a microstructure body provided with a 
movable portion. Further, the present invention relates to a 
method of manufacturing the micro-electro-mechanical 
device. 

2. Description of the Related Art 
In recent years, research on micro-electro-mechanical sys 

tems (MEMS) has been actively developed. “MEMS is an 
acronym of a micro-electro-mechanical system and simply 
called a “micromachine' in Some cases. The term “microma 
chine' generally refers to a micro device in which “a movable 
microstructure body having a stereoscopic structure' and “an 
electronic circuit having a semiconductor element” that are 
manufactured using a semiconductor microfabrication tech 
nology are integrated. A microstructure body described above 
is different from the semiconductor element and generally has 
a movable portion. 
A microstructure body described above includes a struc 

ture layer and a hollow portion, and a structure layer includes 
a movable portion. Because of operation of a movable portion 
of a structure layer, mechanical strength is needed for a 
microstructure body described above. In Reference 1: Japa 
nese Published Patent Application No. 2007-1004, as an 
example of a microstructure body having high mechanical 
strength, a micromachine that has a layer containing poly 
crystalline silicon crystallized by heat crystallization using 
metal or laser crystallization and a space below or above this 
layer is disclosed. 

SUMMARY OF THE INVENTION 

A conventional microstructure body includes a hollow por 
tion in order to ensure an operation region of a movable 
portion. For forming a hollow portion, a sacrificial layer is 
first formed in a portion which is to be a hollow portion, after 
a structure layer or the like is formed, this sacrificial layer is 
removed by etching or the like. For example, in the case of a 
microstructure body in which a movable portion of a structure 
layer operates in a direction perpendicular to a substrate Sur 
face, a lower portion of the microstructure body is formed, a 
sacrificial layer is formed over this lower portion of the micro 
structure body, an upper portion of the microstructure body is 
formed over this sacrificial layer, and the sacrificial layer is 
removed by etching or the like. In this manner, a microstruc 
ture body including a hollow portion is formed. 

However, when a hollow portion is formed using a sacri 
ficial layer, as described above, there is a problem in that a 
microstructure body is easily damaged or broken due to 
strong contact or the like between an upper electrode and a 
lower electrode of the microstructure body during a manu 
facturing process. Further, there is a problem in that normal 
operation becomes impossible by Sticking between an upper 
electrode and a lower electrode. Here, the term “sticking 
means a phenomenon in which, due to operation of a movable 
portion of a microstructure, an upper electrode and a lower 
electrode are in strong contact with each other such that the 
upper electrode and the lower electrode can never separate 
from each other. 
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2 
Furthermore, when a hollow portion is formed using a 

sacrificial layer, there is a problem in that the sacrificial layer 
is not completely etched whereby etching residue is gener 
ated. 

Alternatively, because of operation of an upper portion of a 
manufactured microstructure body, the microstructure body 
is potentially damaged or broken. This is particularly remark 
able when the height of a hollow portion is high or when the 
toughness of a structure layer is not enough. 

Furthermore, when a hollow portion is provided, there is a 
problem in that a structure body including the hollow portion 
is deformed by, for example, being wrapped and accordingly 
a desired structure cannot be obtained. 
The present invention provides a microstructure body hav 

ing a structure in which a pair of electrodes facing each other 
is isolated from each other by a space, a movable structure 
body is provided with at least one of the electrodes, and an 
insulating material fills this space. As this insulating material, 
a material having pores Such that a filler material layer made 
up of this insulating material can be deformed when a mov 
able portion operates is used. It is preferable to use a material 
which can soften or harden by certain treatment (e.g., heat 
treatment or chemical Solution treatment) after formation. 
One aspect of the present invention is a micro-electro 

mechanical device including a microstructure body. The 
microstructure body includes a lower electrode layer over an 
insulating surface; a filler material layer over the lower elec 
trode layer; an upper electrode layer facing the lower elec 
trode layer, over the filler material layer; and a structure layer 
over the upper electrode layer. The structure layer has a struc 
ture capable of moving in a direction toward the lower elec 
trode layer or in a direction opposite to the direction toward 
the lower electrode layer. The filler material layer includes an 
insulating material provided with at least one pore reaching a 
surface of the filler material layer. Porosity is greater than or 
equal to approximately 20% and less than or equal to 80%. 

In the above structure of the present invention, the porosity 
of the filler material layer is greater than or equal to approxi 
mately 20% and less than or equal to 80%. This is because the 
filler material layer itself is difficult to form or because pores 
included in the filler material layer are difficult to form when 
the porosity of the filler material layer is above or below this 
range. 

In the above structure of the present invention, the filler 
material layer can be formed of a block copolymer. When the 
filler material layer includes a block copolymer, by setting the 
porosity to greater than or equal to 20% and less than or equal 
to 80%, the filler material layer itself orpores included in the 
filler material layer can be formed. More preferably, the 
porosity is set to greater than or equal to 20% and less than or 
equal to 60%. Further preferably, the porosity is set to greater 
than or equal to 20% and less than or equal to 35%. 
One aspect of the present invention is a method of manu 

facturing a micro-electro-mechanical device, including the 
steps of forming a lower electrode layer over an insulating 
Surface, forming a first filler material layer so as to cover the 
lower electrode layer, forming an upper electrode layer over 
the first filler material layer, forming a structure layer over the 
upper electrode layer, preferably performing heat treatment, 
and formingaporous second filler material layer by removing 
by etching any of the materials included in the first filler 
material layer. 
One aspect of the present invention is a method of manu 

facturing a micro-electro-mechanical device, including the 
steps of forming a lower electrode layer over an insulating 
Surface, forming a film including a block copolymer So as to 
cover an entire surface of the lower electrode layer, selec 
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tively forming a metal mask over the film formed of the block 
copolymer, forming a first filler material layer by etching the 
film formed of the block copolymer using the metal mask, 
forming an upper electrode layer over the first filler material 
layer, forming a structure layer over the upper electrode layer, 5 
preferably performing heat treatment, and forming a porous 
second filler material layer by removing by etching any of the 
materials included in the first filler material layer. 

In any of the above structures of the present invention, the 
porosity of the second filler material layer is preferably 
greater than or equal to 20% and less than or equal to 80%. 
More preferably, the porosity is set to greater than or equal to 
20% and less than or equal to 60%. Further preferably, the 
porosity is set to greater than or equal to 20% and less than or 
equal to 35%. 
By applying the present invention, damage or breakage of 

a microstructure body due to operation of an upper portion of 
the manufactured microstructure body can be prevented. 
Accordingly, even when the height of a hollow portion is high 
or when the toughness of a structure layer is not enough, a 
microstructure body can be manufactured. 

Sticking does not occur in the microstructure body to 
which the present invention is applied, and thus a microstruc 
ture body capable of repetitive operation can be manufac 
tured. 

Further, a sacrificial layer is not needed to be formed in a 
manufacturing process, and thus a microstructure body can be 
manufactured with high yield. 
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FIGS. 1A and 1B illustrate an example of a microstructure 
body according to one aspect of the present invention. 

FIGS. 2A and 2B illustrate an example of a conventional 
microstructure body. 

FIGS. 3A to 3G illustrate an example of a method of 
manufacturing a microstructure body according to one aspect 
of the present invention. 

FIGS. 4A to 4G each illustrate a phase of a block copoly 
mer applicable to the present invention. 

FIG. 5 is a block diagram illustrating an example of a 
micro-electro-mechanical device including a microstructure 
body according to one aspect of the present invention. 

FIGS. 6A-1 to 6C-2 illustrate an example of a method of 
manufacturing a micro-electro-mechanical device including 45 
a microstructure body according to one aspect of the present 
invention. 

FIGS. 7A-1 to 7B-2 illustrate an example of a method of 
manufacturing a micro-electro-mechanical device including 
a microstructure body according to one aspect of the present 50 
invention. 

FIGS. 8A-1 to 8B illustrate examples of methods of manu 
facturing micro-electro-mechanical devices including micro 
structure bodies according to aspects of the present invention. 

FIGS. 9A-1 to 9B-2 illustrate examples of methods of 55 
manufacturing micro-electro-mechanical devices including 
microstructure bodies according to aspects of the present 
invention. 

FIGS. 10A and 10B illustrate examples of a micro-electro 
mechanical device including a microstructure body accord- 60 
ing to one aspect of the present invention. 

FIGS. 11A and 11B each illustrate an example of a micro 
structure body according to one aspect of the present inven 
tion. 

FIGS. 12A and 12B illustrate a strain gauge to which a 65 
microstructure body according to one aspect of the present 
invention is applied. 
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FIG. 13 illustrates a strain gauge to which a microstructure 

body according to one aspect of the present invention is 
applied. 

DETAILED DESCRIPTION OF THE INVENTION 

Hereinafter, embodiment modes of the present invention 
are described with reference to the accompanying drawings. 
However, the present invention is not limited to description 
below. This is because it is easily understood by those skilled 
in the art that a variety of changes may be made in modes and 
details without departing from the spirit and the scope of the 
present invention. Therefore, the present invention should not 
be construed as being limited to description of the embodi 
ment modes given below. 

Embodiment Mode 1 

A microstructure body and a method of manufacturing the 
micro-electro-mechanical device of the present invention are 
described with reference to drawings. 

FIGS. 1A and 1B are, respectively, a cross-sectional view 
and a top view of an example of a microstructure body of the 
present invention. In the microstructure body of FIGS. 1A 
and 1B, a lower electrode layer 101 is provided over a sub 
strate 100, and a filler material layer 102 is provided over the 
lower electrode layer 101. An upper electrode layer 103 is 
provided over the filler material layer 102, and a structure 
layer 104 is provided over the upper electrode layer 103. The 
distance between the lower electrode layer 101 and the upper 
electrode layer 103 is denoted by d (m). 
The lower electrode layer 101 and the upper electrode layer 

103 are isolated from each other by the filler material layer 
102 to form a capacitor. Here, when it is assumed that the area 
of the lower electrode layer 101 is equal to the area of the 
upper electrode layer 103 and denoted by S (m), the capaci 
tance of this capacitor is denoted by C (F), and the dielectric 
constant of the capacitor is denoted by 6 (F/m), an equation 
(1) below is obtained. 

Equation 1 

Here, when the structure layer 104 is pressed down, the 
distance d between the lower electrode layer 101 and the 
upper electrode layer 103 is changed, whereby the capaci 
tance is changed. The amount of change AC in capacitance at 
this time is represented by an equation (2) below using Co 
denoting the capacitance before the structure layer 104 is 
pressed down and C denoting the capacitance after the struc 
ture layer 104 is pressed down. 

Ff - luation AC=C-Co Equation 2 

That is, when do denotes the distance before the structure 
layer 104 is pressed down and d denotes the distance after the 
structure layer 104 is pressed down, AC is represented by an 
equation (3) below. 

Ac=f f = -(d d) - a -a, - a co-ai 
Equation 3 

Thus, by finding out AC, the amount of change in the 
distance d between the lower electrode layer 101 and the 
upper electrode layer 103 is obtained. 
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Note that FIGS. 2A and 2B illustrate an example of a 
conventional microstructure body. A portion of the filler 
material layer 102 in the microstructure body of FIGS. 1A 
and 1B corresponds to a hollow portion 110 in the microstruc 
ture body of FIGS. 2A and 2B. 

Next, an example of a method of manufacturing the micro 
structure body shown in FIGS. 1A and 1B is described with 
reference to drawings. First, the lower electrode layer 101 is 
selectively formed over the substrate 100 (see FIG. 3A). 

There is no particular limitation on the substrate 100. 
Although, for example, a semiconductor Substrate, a glass 
Substrate, a quartz. Substrate, a plastic Substrate, a stainless 
steel Substrate, or the like can be used, an insulating Substrate 
is preferably used. When a semiconductor substrate or a stain 
less steel Substrate is used, an insulating film is preferably 
formed over this Substrate to form an insulating Surface. 

For example, the lower electrode layer 101 can be formed 
as follows. A conductive film is formed over the substrate 
100, a resist mask is formed over this conductive film by a 
photolithography method, and a desired portion of the con 
ductive film is removed using this resist mask by etching or 
the like, so that the lower electrode layer 101 can be selec 
tively formed. There is no particular limitation on a material 
for forming the lower electrode layer 101, and a material 
having conductivity may be used. As the material having 
conductivity, an element selected from tantalum, tungsten, 
titanium, molybdenum, aluminum, and copper; or an alloy 
material or a compound material containing any of these 
elements as the main component may be used. Alternatively, 
silicon to which an impurity element having one conductivity 
type is added or a transparent conductive film of indium tin 
oxide (ITO) or the like may be used. Note that there is no 
particular limitation on a formation method as well, and a 
sputtering method, a CVD method, a droplet discharging 
method, or the like can be used. By using a droplet discharg 
ing method, a desired pattern can be formed without etching, 
whereby the number of steps is reduced. Note that the lower 
electrode layer 101 may be a single layer or a stack of a 
plurality of layers. 

Next, the filler material layer 102 is formed over the lower 
electrode layer 101. The filler material layer is formed of an 
organic material and thus difficult to pattern by etching using 
a resist mask. Therefore, the case where a metal film is used as 
a mask is described below. 

First, an organic film 120 is formed to cover the lower 
electrode layer 101; a metal film 121 is formed over the 
organic film 120; and a resist mask 122 is selectively formed 
over the metal film 121 (see FIG.3B). The organic film 120 is 
formed using a material for forming the filler material layer 
102 described later. For a formation method, a spin coating 
method or the like may be used, for example. 

Next, the metal film 121 is etched using the resist mask 
122, thereby forming a metal mask 123 (see FIG. 3C). For 
etching the metal film, a condition may be set depending on a 
material for the metal film. When the material for the metal 
film 121 is, for example, tungsten, dry etching in a chlorine 
gas atmosphere can be used. It is preferable to employ a 
condition providing high etching selectivity between the 
resist mask 122 and the organic film 120 (that is, a condition 
providing a high etching rate for the metal film 121 and a low 
etching rate for the organic film 120 and the resist mask 122). 
Thereafter, the resist mask 122 is removed. 

Next, the organic film 120 is etched using the metal mask 
123, thereby forming the filler material layer 102 (see FIG. 
3D). For etching the organic film 120, dry etching may be 
performed using, for example, an oxygen gas. Thereafter, the 
metal mask 123 is removed. Note that the metal mask 123 is 
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6 
not necessarily removed and may be used as the upper elec 
trode of the microstructure body. 

Note that the example in which etching using a metal mask 
is employed for forming the filler material layer 102 is 
described above, the present invention is not necessarily lim 
ited to this example. For example, a pattern can also be 
formed by mixing a photosensitive material into the organic 
film 120 and performing light exposure. 
As described above, the filler material layer 102 can be 

selectively formed over the lower electrode layer 101 (see 
FIG. 3E). The filler material layer 102 may be deformed 
depending on the movement of the microstructure body and 
therefore is formed of a material film that can withstand this 
deformation. After this material film is formed, a desired 
portion of the material film is removed by etching or the like 
in a similar manner to that of the lower electrode layer 101, so 
that the filler material layer 102 can be selectively formed. 
Alternatively, the filler material layer 102 may be selectively 
formed by a droplet discharging method. 
As the material for the filler material layer 102 of the 

present invention, a porous material which can be deformed is 
used. It is preferable to use a material which can soften or 
harden by certain treatment (e.g., heat treatment or chemical 
Solution treatment) after the formation. As such a material, a 
block copolymer or a graft copolymer that forms a 
microphase separation structure is given, for example. 
The term “block copolymer means a straight chain 

copolymer including a plurality of homopolymer chains as 
blocks linked together. For example, a diblock copolymer is 
given. Further, a block copolymer typified by a triblock 
copolymer, which includes more than three kinds of polymer 
chains linked together, may be used. 
The term 'graft copolymer means a copolymer having a 

structure in which other polymer chains as side chains are 
linked to the main chain of the polymer. The polymer chains 
linked as side chains may be of different kinds. 

Note that for the material forming the filler material layer 
102, a block copolymer is preferably used. This is because 
with a block copolymer, a polymer with a narrow molecular 
weight distribution can be readily obtained and a composition 
ratio can be relatively easily controlled. By controlling the 
composition ratio of the material for the filler material layer 
102, the volume occupied by a pore per unit volume of the 
filler material layer 102 can be controlled. Thus, the amount 
of deformation of the filler material layer 102 for unit load can 
be varied. Hereinafter, a block copolymer which can be 
applied to the present invention is described. 

It is known that a block copolymer spontaneously forms a 
nanometer-scale microphase separation structure. For 
example, an AB block copolymer is microphase-separated to 
form a periodic structure Such as a spherical structure, a 
cylinder structure, a gyroid structure, or a lamellar structure 
depending on the composition ratio of high molecule 
included in the block copolymer. Note that when the rate of 
one of the components is less than or equal to approximately 
20%, a spherical structure is formed (see FIG. 4A or 4E): 
when the rate is greater than or equal to approximately 20% 
and less than or equal to approximately 35%, a cylinder 
structure is formed (see FIG. 4B or 4D); when the rate is 
greater than or equal to approximately 35% and less than or 
equal to approximately 40%, a gyroid structure is formed (see 
FIG. 4F or 4G), and when the rate is greater than or equal to 
approximately 40%, a lamellar structure is formed (see FIG. 
4C). Note that a chemical solution does not easily reach a 
surface of the filler material layer in wet etching and thus one 
of the components which should be removed is difficult to 
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remove in the case of a spherical structure and therefore a 
cylinderstructure, a gyroid structure, or a lamellar structure is 
preferably employed. 

For production of a block copolymer, a living polymeriza 
tion method can be used, for example. The living polymer 
ization method refers to a method by which polymerization of 
one kind of monomer is initiated by a polymerization initiator 
that generates anions or cations and another monomer is 
sequentially added for synthesis, so that a block copolymer is 
produced. The production method is described below. 

First, components of a block copolymer are dissolved in a 
solvent. This solvent is preferably a good solvent for all the 
plural kinds of polymers included in the block copolymer. 
Here, the term “good solvent’ means a solvent that can pro 
duce a homogeneous solution of the polymers included in the 
block copolymer. Because two kinds of polymers are used 
here, a homogeneous solution of the two kinds of polymers 
may be produced. For example, a toluene Solution of about 
5% by weight of the block copolymer is applied to a region 
where the filler material layer 102 is to be formed by a spin 
coating method or the like. Note that although a solution is 
applied to the entire Surface of a Substrate in a spin coating 
method, a solution is applied to only a desired region by using 
a droplet discharging method, for example, whereby a later 
process is simplified and further utilization efficiency of a 
material is improved; thus, use of Such droplet discharging 
method or the like is preferable. 

Next, heat treatment is performed on the substrate to which 
the above Solution is applied, thereby inducing microphase 
separation. A temperature during the heat treatment is set to 
greater than or equal to the glass transition point of the com 
ponents included in the block copolymer and less than or 
equal to the phase transition temperature thereof. 

Note that there is a variety of kinds of block copolymers, 
typically, a styrene-butadiene AB block copolymer and a 
styrene-isoprene AB block copolymer. Besides, there is a 
block copolymer made up of different materials, such as 
polymethylmethacrylate (PMMA); a block copolymer 
obtained by attaching a modifying group to a terminal group 
of a styrene-isoprene block copolymer; and the like. 
Examples of a high molecular segment of the block copoly 
mer include hydrophobic aromatic hydrocarbon chains such 
as polystyrene and polyfluorene, hydrophobic aliphatic 
unsaturation hydrocarbon chains such as polybutadiene and 
polyisoprene, hydrophilic aliphatic hydrocarbon chains such 
as polyvinyl alcohol and polyethylene glycol, hydrophilic 
aromatic hydrocarbon chains such as polyvinyl pyridine and 
polystyrene Sulfonic acid, hydrophobic siloxanes such as 
poly dimethylsiloxane, metal complexes such as poly fer 
rocene, and the like. Further, the block copolymer is linear, 
branched, or cyclic by covalent bond of two or more kinds of 
these high molecular segments at one or more bonding points. 

The above material may further contain a solvent. 
Examples of the solvent include aliphatic hydrocarbons such 
as hexane, heptane, and octane; halogenated hydrocarbons 
such as carbon tetrachloride, chloroform, and dichlo 
romethane; aromatic hydrocarbons such as benzene, toluene, 
and Xylene; ketones such as acetone and methyl ethyl ketone; 
ethers such as dimethyl ether and diethyl ether; alcohols such 
as methanol and ethanol; water, and the like. The solvent can 
be selected among these solvents depending on properties or 
conditions of a material which is to be formed. 

In this embodiment mode, the filler material layer can be 
formed and selective removal of one of the components of a 
block copolymer by etching is achieved. Further, an ABA 
block copolymer or a BAB block copolymer can also have 
any of a variety of structures such as a spherical structure and 
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8 
a lamellar structure according to the composition of the block 
copolymer. Note that in the present invention, it is preferable 
to employ a cylinder structure, a gyroid structure, or a lamel 
lar structure, as described above. 

Note that in this embodiment mode, a material which can 
be applied to the filler material layer 102 is not limited to the 
materials described above and may be a material made of 
plural kinds of substances, in which one kind of Substance can 
be removed by etching or the like in a later step. Further, 
although the Substance removed by etching or the like is not 
necessarily one kind of Substance, it is necessary at the very 
least that at least one kind of substance in the filler material 
layer 102 be not removed by etching or the like to remain. 
Further, heat resistance and chemical resistance are needed 
such that the material can withstand a process after the for 
mation. Here, the Substance remaining in the filler material 
layer 102 without being removed is preferably capable of 
elastic deformation. 

Next, the upper electrode layer 103 is formed over the filler 
material layer 102 (see FIG.3F). The upper electrode (second 
electrode) is formed to face the lower electrode (first elec 
trode). The upper electrode layer 103 may be formed using a 
material and a method which are similar to those of the lower 
electrode layer 101. That is, a conductive film may be formed 
over the entire surface, and then a desired portion of the 
conductive film may be removed by etching or the like. 

Next, the structure layer 104 is selectively formed over the 
upper electrode layer 103 so as to cover the filler material 
layer 102 (see FIG. 3G). For forming the structure layer 104, 
in a similar manner to that of the first electrode layer and the 
like, a material film may be formed over the entire surface, 
and then a desired portion of this material film may be 
removed by etching. 
A material for the structure layer 104 is not limited to a 

particular material as long as the material has some tough 
ness. For example, a silicon oxynitride film, a silicon nitride 
film, or the like can be used. Here, although a silicon oxyni 
tride film or a silicon nitride film may be formed by a CVD 
method or the like, there is no particular limitation on a 
formation method as well. 

Note that an opening portion may be formed in the struc 
ture layer 104 such that one of the materials contained in the 
filler material layer 102 is removed by etching or the like. 
Furthermore, an opening portion may also be formed in the 
upper electrode layer 103; however, the opening portion is not 
formed in the case where etching is performed before the 
upper electrode layer 103 is formed. Note that the number of 
the opening portion is not necessarily limited to one and that 
a minute opening portion is preferably formed in any portion 
of the filler material layer 102. Hereinafter, the case where a 
block copolymer is used for the filler material layer 102 is 
described. 

In order to remove one of the components of the block 
copolymer, dry etching or wet etching can be used. For 
example, a reactive ion etching (RIE) method in an oxygen 
gas atmosphere can be used. It is preferable to adopt a con 
dition in which etching rates of a component which should be 
removed and a component to remain in the block copolymer 
are greatly different from each other. In general, the higher the 
content of carbon molecules per unit molecule contained in a 
polymer molecular chain is, the higher etching tolerance is: 
the lower the content of oxygen molecules per segment is, the 
lower etching tolerance is. For example, because polystyrene 
(PS) contains an aromatic ring, the content of carbon mol 
ecules in a block copolymer of polystyrene-polymethyl 
methacrylate (PS-PMMA) is high; thus, the etchingtolerance 
of the block copolymer is high. The etching tolerance of 
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polyacrylamide (PAAM) is low since the content of oxygen 
molecules is high. In the case of using an RIE method, the 
etching rate of one of these two kinds of components is 
generally four times that of the other. 

Note that a gas used for the etching is not limited to an 
oxygen gas and may be CF. H. C.F. CHF, CHF, CFBr, 
NF, C1, CC1, HBr, SF or the like. 

Note that etching rate is determined per monomer unit of a 
block copolymer. It is known that when N denotes the total 
number of atoms per monomer unit, Nc denotes the number 
of carbon atoms per monomer unit, and No denotes the num 
ber of oxygen atoms per monomer unit, etching rate is pro 
portional to N/(Nc-No). 

However, in the above dry etching method, although there 
is no problem in the case of a cylinder structure or the like, 
many portions could fail to be etched in the case of a spherical 
structure. Thus, in the case of a spherical structure, a wet 
etching method is preferably used. By a wet etching method, 
one of the components can be etched according to the material 
for a formed block copolymer and the other of the compo 
nents may be etched under a condition of high etching toler 
ance. However, in consideration of the above circumstances, 
it is more preferable to employ a cylinder structure, a gyroid 
structure, or a lamellar structure. 

Further, a method of removing the component which 
should be removed is not necessarily limited to etching. If 
possible, the component which should be removed may be 
removed by vaporization, sublimation, or the like by heat 
treatment or the like. 
As described above, the microstructure body of the present 

invention can be formed. In the microstructure body of the 
present invention, unlike a conventional microstructure body, 
the hollow portion is filled with a material that can be 
deformed. Accordingly, a microstructure body having 
mechanical strength higher than a conventional microstruc 
ture body including a hollow portion can be manufactured. 
The improvement in mechanical strength makes it possible to 
prevent generation of a defect during a manufacturing process 
or operation to improve yield and reliability. 

Further, since the microstructure body of the present inven 
tion has no hollow portion, a sacrificial layer is not needed to 
be formed. Thus, a step of forming a sacrificial layer and a 
step of removing it are not needed, whereby the number of 
manufacturing steps can be reduced. Further, in manufacture 
of a conventional microstructure body, when a sacrificial 
layer is not sufficiently removed by etching, yield may be 
reduced by a remaining portion of the sacrificial layer. By 
applying the present invention, such a reduction in yield due 
to a remaining portion of a sacrificial layer can be prevented, 
whereby yield improves. 

Further, when a strain gauge is formed of the upper elec 
trode layer 103 and the structure layer 104 in the microstruc 
ture body, the lower electrode layer 101 is not necessarily 
formed. Furthermore, the present invention can be applied not 
only to a sensor but also to an actuator. 

Alternatively, by applying bimetal to the structure layer 
104, an actuator that drives by a bimetal effect can be manu 
factured. 
By using Such a microstructure body, a dynamic sensor can 

be manufactured. With this dynamic sensor, a pressure sensor 
can be manufactured, for example. Further, with the above 
actuator, a display device or the like using an interference 
method can be manufactured. 

Further, although the case is described in the above 
description in which the side face of the filler material layer 
does not have a tapered shape, the present invention is not 
limited to this case, and the side face of the filler material layer 
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may have a tapered shape (see FIG. 11A). In the microstruc 
ture body shown in FIG. 11A, a lower electrode layer 131 is 
provided over the substrate 100, and a filler material layer 132 
is provided to cover the lower electrode layer 131. An upper 
electrode layer 133 is provided over the filler material layer 
132, and a structure layer 134 is provided over the upper 
electrode layer 133. A side face of the filler material layer 132 
is processed to have a tapered shape. With the side face of the 
filler material layer 132 having a tapered shape, the structure 
layer and the like formed over this filler material layer 132 can 
be formed in an excellent manner. Accordingly, disconnec 
tion of a wiring electrically connected to the lower electrode 
layer 131 and the upper electrode layer 133 of the microstruc 
ture body can be prevented, whereby yield in the manufac 
turing process improves. 

Furthermore, the filler material layer of the present inven 
tion can also be formed by a droplet discharging method (see 
FIG. 11B). In the microstructure body shown in FIG. 11B, a 
lower electrode layer 136 is provided over the substrate 100, 
and a filler material layer 137 is provided to cover the lower 
electrode layer 136. An upper electrode layer 138 is provided 
over the filler material layer 137, and a structure layer 139 is 
provided over the upper electrode layer 138. The filler mate 
rial layer 137 formed by a droplet discharging method is 
formed to have a curved shape. That is, a surface of the filler 
material layer may be formed so as to be curved. 
As described above, the present invention is not limited to 

one mode and can be applied to microstructure bodies having 
a variety of structures. By providing a filler material layer in 
a space corresponding to a hollow portion in a conventional 
microstructure body, a manufacture microstructure body 
including a movable portion with high mechanical strength 
and high reliability can be manufactured with high yield. 

Note that only the simplest example is described in this 
embodiment mode and that a variety of modes can be imple 
mented depending on a function of a microstructure body. 

Embodiment Mode 2 

In this embodiment mode, an example of a structure of a 
semiconductor device of the present invention and a manu 
facturing method of the semiconductor device are described 
with reference to drawings. 
A semiconductor device of the present invention belongs to 

a field of a micromachine and generally ranges in size from 
micrometers to millimeters. Further, the semiconductor 
device may be in meters for ease of assembling when manu 
factured to be incorporated as a component of a certain 
mechanical device. 

FIG. 5 is a block diagram of an example of the semicon 
ductor device of the present invention. The semiconductor 
device 231 of the present invention includes an electric circuit 
portion 232 and a structure portion 233. The electric circuit 
portion 232 is formed using a semiconductor element and 
includes a control circuit 234 for controlling the structure 
portion 233 and an interface 235 for communicating with an 
external control device 230. Further, the structure portion 233 
includes a sensor 236, an actuator 237, a Switch, and the like 
formed using a microstructure body. The structure portion 
233 may include one of a sensor, an actuator, and a Switch. 

Further, the electric circuit portion 232 may include a cen 
tral processing unit for processing data obtained by the struc 
ture body portion 233, a memory for storing processed data, 
and the like. 

The external control device 230 performs operation, such 
as transmission of signals for controlling the semiconductor 
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device 231, reception of data obtained by the semiconductor 
device 231, or supply of driving power to the semiconductor 
device 231. 

Note that the present invention is not limited only to the 
above structure example. That is, the semiconductor device of 5 
the present invention may include an electric circuit for con 
trolling a microstructure body and the microstructure body 
controlled by the electric circuit, and other structures of the 
semiconductor device are not limited to those in FIG. 5. 

Next, in order to manufacture the above-described semi 
conductor device of the present invention, a method of form 
ing a microstructure body and a semiconductor element over 
one substrate is described with reference to FIGS. 6A-1 to 
6C-2, FIGS. 7A-1 to 7B-2, and FIGS. 8A-1 to 8B. Each 
drawing is a top view or a cross-sectional view taken along a 
line O-P in the top view. 
The microstructure body of the present invention and the 

semiconductor element can beformed over a substrate having 
one insulating Surface (hereinafter referred to as an insulating 
Substrate). Here, as the insulating Substrate, there are a glass 
Substrate, a quartz. Substrate, a plastic Substrate, and the like. 
Alternatively, a conductive substrate of metal or the like, or a 
semiconductor substrate of silicon or the like, over which a 
layer having an insulating property is formed, may be used. 
By forming the microstructure body and the semiconductor 
element over one plastic substrate, a highly flexible and thin 
semiconductor device can be manufactured. Further, by thin 
ning a glass Substrate by grinding or the like, a thin semicon 
ductor device can also be manufactured. 

In the semiconductor device of the present invention, the 
microstructure body includes a filler material layer. The filler 
material layer is preferably formed of a block copolymer, as 
described in Embodiment Mode 1. However, since a block 
copolymer does not have high heat resistance enough to with 
stand a manufacturing process of a thin film transistor in 
many cases, a manufacturing method in which a thin film 
transistor is formed first over a substrate and then the micro 
structure body is formed is described in this embodiment 
mode. 

First, a base film 202 is formed over an insulating substrate 
201. The base film 202 is formed of a single layer or stacked 
layers of an insulating film Such as a silicon oxide based 
material film or a silicon nitride based material. Here, the case 
is described in which an insulating film having a two-layer 
structure is formed as the base film 202. Note that the base 
film 202 is not necessarily provided if not necessary. 

Note that the silicon oxide based material corresponds to 
silicon oxide containing oxygen and silicon as the main com 
ponents, or silicon oxynitride which is silicon oxide contain 
ing nitrogen, in which the content of oxygen is higher than 
that of nitrogen. The silicon nitride based material corre 
sponds to silicon nitride containing nitrogen and silicon as the 
main components, or silicon nitride oxide which is silicon 
nitride containing oxygen, in which the content of nitrogen is 
higher than that of oxygen. 

In this embodiment mode, the base film 202 has a two-layer 
structure. As a first layer of the base film 202, for example, a 
silicon nitride based material film is formed to a thickness 
greater than or equal to 10 nm and less than or equal to 200 
nm, preferably, greater than or equal to 50 nm and less than or 
equal to 100 nm, using SiH4, NH, NO, and H2 as reaction 
gases by a plasma CVD method. Here, a silicon nitride oxide 
film with a thickness of 50 nm is formed. Next, as a second 
layer of the base film 202, a silicon oxide based material film 
is formed over the first layer to a thickness greater than or 
equal to 100 nm and less than or equal to 150 nm using SiHa 
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and NO as reaction gases by a plasma CVD method. Here, a 
silicon oxynitride film with a thickness of 100 nm is formed. 

Next, a semiconductor film is formed to be etched to have 
a certain shape, thereby forming a semiconductor layer 204 
(see FIGS. 6A-1 and 6A-2). The semiconductor layer 204 can 
be formed of a material containing silicon as the main com 
ponent. As a material containing silicon, there is a material 
made of silicon, a silicon germanium material containing 
germanium at about 0.01 to 4.5 atomic '%, and the like. 

For the semiconductor layer 204, a material having a crys 
talline structure oran amorphous structure can be used. Here, 
anamorphous semiconductor film is formed to be crystallized 
by heat treatment, thereby forming a crystalline semiconduc 
tor film. For the heat treatment, heating using a heating fur 
nace, laser irradiation, irradiation with light emitted from a 
lamp instead of laser light (hereinafter referred to as lamp 
annealing), or a combination of any of the above can be used. 

In the case of laser irradiation, continuous wave laser light 
(CW laser light) or pulsed wave laser light (pulsed laser light) 
can be used. As the laser light, laser light emitted from one or 
a plurality of an Arlaser, a Kr laser, an excimer laser, a YAG 
laser, a YO, laser, a YVO laser, a YLF laser, a YAIO laser, 
a glass laser, a ruby laser, an alexandrite laser, a Ti:sapphire 
laser, a copper vapor laser, and a gold vapor laser can be used. 
By irradiation with the fundamental waves of such laser light 
or the second harmonic to the fourth harmonic laser light of 
these fundamental waves, crystals with a large grain size can 
be obtained. For example, a second harmonic (532 nm) or a 
third harmonic (355 nm) of an Nd:YVO laser (a fundamental 
wave of 1064 nm) can be used. The energy density of the laser 
light in this case is set to approximately greater than or equal 
to 0.01 MW/cm and less than or equal to 100 MW/cm, 
preferably, greater than or equal to 0.1 MW/cm and less than 
or equal to 10 MW/cm. Then, irradiation is conducted at a 
scanning rate of approximately greater than or equal to 10 
cm/sec and less than or equal to 2000 cm/sec. 

Note that the laser crystallization may be performed by 
irradiation with continuous wave laser light of a fundamental 
wave and continuous wave laser light of a harmonic or irra 
diation with continuous wave laser light of a fundamental 
wave and pulse-oscillation laser light of a harmonic. 

Further, it is also possible to use pulsed laser light oscil 
lated at a repetition rate that allows laser light of a next pulse 
to be delivered before the semiconductor layer is solidified 
and after the semiconductor layer is melted by previous laser 
light. By using laser light with Such a repetition rate, crystal 
grains that are grown continuously in the scan direction can 
be obtained. As a specific repetition rate of the laser light, a 
repetition rate greater than or equal to 10 MHz is used. This is 
much higher than the normally used frequency band ranging 
from several tens of HZ to several hundred Hz. 

Alternatively, the heat treatment may be performed by 
other methods instead of the laser irradiation. For example, 
the heat treatment using a heating furnace can be performed. 
In the case of using a heating furnace, the amorphous semi 
conductor film may be heated at a temperature greater than or 
equal to 400° C. and less than or equal to 550°C. for greater 
than or equal to 2 hours and less than or equal to 20 hours. At 
this time, the temperature may be set at many steps in the 
range of greater than or equal to 400°C. and less than or equal 
to 550° C. so as to increase gradually. In the case of setting at 
many steps, with a temperature of about 400° C. at a first step, 
hydrogen etc. contained in the amorphous semiconductor 
film is discharged. Accordingly, Surface roughness of the film 
in the crystallization can be reduced, or removal of the film in 
the crystallization can be prevented. Furthermore, by using a 
metal promoting crystallization, for example, nickel, crystal 
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lizationata relatively low temperature can be realized. As the 
metal promoting crystallization, instead of nickel, a metal 
such as Fe, Ru, Rh, Pd, Os, Ir, Pt, Cu, or Au can be used 
alternatively. 

Further alternatively, both the heat treatment using a heat 
ing furnace and the heat treatment using a laser may be used 
in combination for the crystallization of the amorphous semi 
conductor film. 

Note that the metal promoting crystallization may be a 
contaminant for the semiconductor device and therefore is 
preferably removed or reduced after the crystallization. In 
this case, after the crystallization by the heat treatment using 
a heating furnace or using laser irradiation, a layer serving as 
a gettering sink is formed over the semiconductor layer and 
heated, so that the metal is moved into the gettering sink, 
whereby the metal can be removed or reduced. As the getter 
ing sink, a polycrystalline semiconductor film or a semicon 
ductor film to which an impurity element is added can be 
used. For example, a polycrystalline semiconductor film to 
which an inert element Such as argon is added is formed over 
the semiconductor film, and can be used as the gettering sink. 
Addition of an inert element allows the polycrystalline semi 
conductor film to have a distortion, thereby capturing the 
metal effectively. Alternatively, the metal can be captured by 
forming a semiconductor film to which an element Such as 
phosphorus is added. 

Further, the semiconductor layer 204 is not limited to an 
amorphous semiconductor film or a film obtained by crystal 
lizing an amorphous semiconductor film. For example, a 
single crystal semiconductor layerformed by bonding a semi 
conductor Substrate provided with a damaged layer formed 
by doping hydrogen ions or the like to the insulating substrate 
201 or the insulating substrate 201 provided with an insulat 
ing film thereon and separating the semiconductor layer from 
the damaged layer may be used. Note that here, an insulating 
film may also be provided on the bonding surface of the 
semiconductor Substrate. A semiconductor layer formed by 
Such a process can exhibit excellent electrical properties (e.g., 
high mobility), and accordingly a high-performance semi 
conductor device using a microstructure body of the present 
invention can be provided. For example, power consumption 
is reduced. Besides, an area covered by the electric circuit 
portion 232 in FIG. 5 can be reduced. 

Next, a gate insulating film 206 is formed over the semi 
conductor layer 204 (see FIGS. 6A-1 and 6A-2). In a similar 
manner to that of the base film 202, the gate insulating film 
206 is formed using a silicon oxide based material, a silicon 
nitride based material, or the like by a plasma CVD method, 
a sputtering method, or the like. In this embodiment mode, as 
the gate insulating film 206, a silicon oxynitride film having a 
thickness of 110 nm is formed by a plasma CVD method. 
Naturally, the gate insulating film 206 is not limited to a 
silicon oxynitride film, and anotherinsulating film containing 
silicon may beformed to have a single layer or stacked layers. 

Alternatively, the gate insulating film 206 can also be 
formed by a high-density plasma treatment. Here, the term 
“high-density plasma treatment’ means plasma treatment in 
which a plasma density is greater than or equal to 1x10' 
cm, preferably, greater than or equal to 1x10' cm and 
less than or equal to 9x10" cm and a high frequency wave 
Such as a microwave (e.g., a frequency of 2.45 GHZ) is used. 
When plasma is produced under Such conditions, a low elec 
tron temperature is greater than or equal to 0.2 eV and less 
than or equal to 2.0 eV. Thus, such high-density plasma at a 
low electron temperature has low kinetic energy of active 
species and makes it possible to form a film with less plasma 
damage and fewer defects. In the insulating film formed by 
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14 
the high-density plasma treatment in this manner, the state of 
an interface between this insulating film and the layer in 
contact with the insulating film can be improved. Thus, when 
the gate insulating film 206 is formed by high-density plasma 
treatment, the State of an interface between the gate insulating 
film 206 and the semiconductor layer 204 can be improved. 
Accordingly, electrical properties of the semiconductor ele 
ment can be improved. 

Furthermore, the high-density plasma treatment can be 
used for forming not only the gate insulating film 206 but also 
the base film 202 or other insulating layers. 

Next, a conductive film serving as a gate electrode layer 
207 included in the semiconductor element is formed over the 
gate insulating film 206 and is, for example, etched to have a 
desired shape (see FIGS. 6B-1 and 6B-2). The gate electrode 
layer 207 can be formed using a metal having conductivity, 
Such as tungsten, a compound having conductivity, or the like, 
by a sputtering method, a CVD method, or the like. Note that 
the gate electrode layer 207 may be formed of a stack of two 
or more kinds of conductive materials. Further, a side face 
may be etched to have a tapered shape. Note that a tungsten 
film is formed to have a single layer, thereby forming the gate 
electrode layer. 
A pattern for obtaining a desired shape is formed by form 

ing a resist mask using a photolithography method and per 
forming anisotropic dry etching. As an etching method, an 
inductively coupled plasma (ICP) etching method can be 
used, for example. Etching conditions (the amount of power 
applied to a coiled electrode, the amount of power applied to 
an electrode on the insulating Substrate 201 side, a tempera 
ture of the electrode on the insulating substrate 201 side, etc.) 
may be determined in consideration of the thickness of a film 
which is to be etched. Note that as an etching gas, a chlorine 
based gas such as Cl, BC1, SiCl, or CC1, a fluorine-based 
gas such as CF, SF, or NF, or an O gas can be used. 

Next, impurity elements are added to predetermined 
regions of the semiconductor layer 204 to form a p-type 
impurity region 211 and an n-type impurity region 212 (see 
FIGS. 6C-1 and 6C-2). These impurity regions can be selec 
tively formed by forming a resist mask by a photolithography 
method and adding the impurity elements. As a method for 
adding the impurity elements, anion doping method oranion 
implantation method can be employed. As an impurity ele 
ment imparting n-type conductivity, phosphorus (P) or 
arsenic (AS) can be typically used, and as an impurity element 
imparting p-type conductivity, boron (B) can be used. 

Next, an insulating film made of a silicon nitride based 
material or a silicon oxide based material is formed by a 
plasma CVD method or the like to be etched anisotropically 
in a perpendicular direction, thereby forming an insulating 
layer (hereinafter referred to as a sidewall 209) in contact with 
a side face of the gate electrode layer 207 (see FIGS. 6C-1 and 
6C-2). 

Next, an impurity element is further added to the semicon 
ductor layer 204 having the n-type impurity region 212 to 
form a high-concentration n-type impurity region 210 having 
an impurity concentration higher than that of the n-type impu 
rity region 212 provided below the sidewall 209. 

Further, when the gate electrode layer 207 is formed of a 
stack of different conductive materials and has a tapered 
shaped side face, the sidewall 209 is not necessarily formed. 
This is because when the gate electrode layer 207 has a 
tapered-shaped side face, the n-type impurity region 212 and 
the high-concentration n-type impurity region 210 can be 
formed by adding an impurity element at a time. 

Note that by forming the n-type impurity region 212 and 
the high-concentration n-type impurity region 210 as 



US 7,872,320 B2 
15 

described above, the thin film transistor can have a lightly 
doped drain (LDD) structure. By forming the thin film tran 
sistor having an LDD structure, a short channel effect can be 
prevented. The smaller the thin film transistor is, the more 
easily a short channel effect occurs; thus, the smaller the thin 
film transistor is, the more preferably an LDD structure is 
employed. Note that only the n-type semiconductor element 
may have an LDD structure. 

Next, after the impurity regions are formed, in order to 
activate the impurity elements, heating or irradiation with 
infrared light or laser light is performed. Further, at the same 
time as the activation, it is possible to recover plasma damage 
of the gate insulating film 206 or plasma damage of the 
interface between the insulating film 206 and the semicon 
ductor layer 204. In particular, the impurity elements can be 
effectively activated by using an excimer laser from the front 
or rear surface of the substrate 201 in an atmosphere at room 
temperature to 300° C. Further, a second harmonic of a YAG 
laser may be used for the activation. AYAG laser is preferably 
used as a laser irradiation means because maintenance of the 
YAG laser is not so frequently required. 

Further, a passivation film made of an insulating material 
Such as silicon oxynitride or silicon oxide may be formed so 
as to cover the semiconductor layer 204 and the conductive 
layer which serves as the gate electrode layer 207. After the 
passivation film is formed, heating, infrared light irradiation, 
or laser light irradiation can be further performed for hydro 
genation. For example, a silicon oxynitride film is formed to 
a thickness of 100 nm by a plasma CVD method, and then 
heating is performed using a clean oven at 300 to 550°C. for 
1 to 12 hours, thereby hydrogenating the semiconductor layer 
204. For example, heating is performed using a clean oven in 
a nitrogen atmosphere at 410° C. for one hour. In this step, 
hydrogen is contained in the passivation film to terminate 
dangling bonds in the semiconductor layer 204, which is 
caused by the addition of the impurity element. Further, at the 
same time, the above-described activation treatment of the 
impurity region can be carried out. 

Through the above-described steps, an n-type semiconduc 
tor element 213 and a p-type semiconductor element 214 
which are thin film transistors are formed (see FIGS. 6C-1 
and 6C-2). 

Subsequently, an interlayer insulating layer 215 is formed 
so as to cover the whole semiconductor element (see FIGS. 
7A-1 and 7A-2). The interlayer insulating layer 215 can be 
formed of an inorganic or organic material or the like having 
an insulating property. As the inorganic material, silicon 
oxide, silicon nitride, or the like can be used. As the organic 
material, polyimide, acrylic, polyamide, polyimide-amide, 
benzocyclobutene, a siloxane resin, or polysilaZane can be 
used. Note that a siloxane resin corresponds to a resin con 
taining a Si-O-Si bond. Siloxane has a skeleton structure 
with a silicon-oxygen bond. As a Substituent, an organic 
group (e.g., an alkyl group or an aromatic hydrocarbon) or a 
fluoro group may be used. The organic group may contain a 
fluoro group. PolysilaZane is formed using a polymer material 
having a silicon-nitrogen bond as a starting material. 

Note that when the interlayer insulating layer 215 is 
formed of the inorganic material by a CVD method or the like, 
after being formed, the interlayer insulating layer 215 is pref 
erably planarized by a chemical mechanical polishing (CMP) 
method or the like. 

Next, the interlayer insulating layer 215 and the gate insu 
lating film 206 are sequentially etched to form a contact hole. 
As the etching, a dry etching method or a wet etching method 
can be employed. In this embodiment mode, the contact hole 
is formed by a dry etching method. 
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Next, a conductive layer 217 is formed over the interlayer 

insulating layer 215 and in the contact hole to be, for example, 
etched to have a desired shape, thereby forming a wiring for 
forming a source or drain electrode layer and further the 
electric circuit (see FIGS. 7A-1 and 7A-2). The conductive 
layer 217 can be formed using a film containing an element 
Such as aluminum, titanium, molybdenum, tungsten, or sili 
con, or an alloy film using any of these elements. 

Further, when the conductive layer 217 is rectangular 
because of a layout limitation and thus has a pattern with a 
corner portion, the corner portion is preferably, for example, 
etched to have a round shape. By the etching forming a round 
shape, generation of dust during a manufacturing process can 
be suppressed, whereby yield can be improved. This applies 
to the gate electrode layer, the semiconductor layer, and the 
like. 

Through the above-described steps, the thin film transis 
tors, the interlayer insulating layer 215 covering the thin film 
transistors, and the conductive layer 217 serving as the wiring 
connected to the thin film transistors can be formed. 

Next, the microstructure body is provided over the inter 
layer insulating layer 215. The process described in Embodi 
ment Mode 1 may be applied to a method of manufacturing 
the microstructure body. 

Note that here, the case is described in which the conduc 
tive layer 217 serves as the source or drain electrode layer of 
the thin film transistor and the lower electrode of the micro 
structure body. Therefore, the lower electrode of the micro 
structure body has already been formed by the above process. 
However, the present invention is not limited to this case, and 
the conductive layer 217 and the lower electrode of the micro 
structure body may be formed separately. 

Next, a filler material layer 218 is formed to cover the lower 
electrode formed of the conductive layer 217. The filler mate 
rial layer 218 may be formed using a material and a method 
which are similar to those of the filler material layer 102 in 
Embodiment Mode 1. 

Next, a conductive layer 219 for forming an upper elec 
trode is formed over the filler material layer 218 which is 
formed to have a desired pattern, and a structure layer 220 is 
formed over the conductive layer 219 which is formed to have 
a desired pattern. The conductive layer 219 may be formed 
using a material and a method which are similar to those of the 
upper electrode layer 103 in Embodiment Mode 1, and the 
structure layer 220 may be formed using a material and a 
method which are similar to those of the structure layer 104 in 
Embodiment Mode 1. 
As described above, it is possible to form the microstruc 

ture body of the present invention and the transistor over one 
substrate (see FIGS. 8A-1 and 8A-2). 
Note that the conductive layer 217 may form the upper 

electrode, not the lower electrode of the microstructure body 
(see FIG. 8B). 
Note that the case is described above in which the thin film 

transistor is used as the transistor, the present invention is not 
limited to this case and the transistor may be a field effect 
transistor (a FET). Further, a silicon-on-insulator (SOI) sub 
strate may be used as the substrate (see FIGS. 10A and 10B). 
In FIG. 10A, the conductive layer 238 serves as the source or 
drain electrode layer of the FET and the lower electrode of the 
microstructure body. In FIG. 10B, the conductive layer 239 
serves as the source or drain electrode layer of the FET and the 
upper electrode of the microstructure body. 

Note that although the case where the transistor is formed 
and then the microstructure body is formed over the interlayer 
insulating layer formed to cover this transistor is described in 
this embodiment mode, the present invention is not limited to 
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this case. Each layer of the microstructure body can also be 
formed while each layer of the transistoris formed, as long as 
the filler material layer included in the microstructure body is 
not damaged or deformed, for example, by temperature dur 
ing the manufacturing process of the transistor, the used 
chemical Solution, or the like. For example, the gate electrode 
of the transistor and the lower electrode of the microstructure 
body can beformed by patterning one layer, and the Source or 
drain electrode of the transistor and the upper electrode of the 
microstructure body can be formed by patterning one layer. 
This can be realized by using an organic transistor, for 
example. The term “organic transistor” means a transistor to 
which an organic semiconductor Such as pentacene is applied. 
An example of a method of manufacturing an organic thin 
film transistor (hereinafter referred to as an organic TFT) is 
briefly described below. 

FIGS. 9 A-1 and 9A-2 are respectively a top view and a 
cross-sectional view of the case where a bottom contact 
organic TFT is used as the transistor. In the case of the bottom 
contact organic TFT, after a source or drain electrode is 
formed, an organic semiconductor film is formed. 

First, a base film 302 is formed over an insulating substrate 
301, and a gate electrode layer 307 is formed over the base 
film 302. The base film302 can beformed in a similar manner 
to that of the base film 202, and the gate electrode layer 307 
can be formed in a similar manner to that of the gate electrode 
layer 207. 

Note that as the insulating substrate 301, a substrate similar 
to the insulating substrate 201 can be used. However, as the 
insulating substrate 301, a substrate made of a synthetic resin 
such as plastic typified by polyethylene terephthalate (PET), 
polyethylene naphthalate (PEN), or polyether sulfone (PES), 
or acrylic may preferably be used. Such a substrate made of a 
synthetic resin is flexible and further lightweight. 

Further, the gate electrode layer 307 may be formed by a 
sputtering method, a screen printing method, a roll coater 
method, a droplet discharging method, a spin coating method, 
or an evaporation method. For an electrode material, metal, a 
metal compound, a conducting polymer, or the like may be 
used. 
A droplet discharging method is a method capable of selec 

tively forming a pattern, in which a droplet of a composition 
into which a material for a conductive film, an insulating film, 
or the like is mixed is selectively discharged (including jet 
ting) to form the conductive film. A typical example of a 
droplet discharging method is an inkjet method. 
When the conductive film is formed by a droplet discharg 

ing method, a conductor is mixed into a solvent. For the 
conductor which is to be mixed into the solvent, gold, silver, 
copper, platinum, palladium, tungsten, nickel, tantalum, bis 
muth, lead, indium, tin, Zinc, titanium, or aluminum; an alloy 
containing any of the above; dispersible nanoparticles of any 
of the above; or fine particles of silver halide can be used. 
When the conductive film is formed by a screen printing 

method or the like, a conductive paste is used. As the conduc 
tive paste, a conductive carbon paste, a conductive silver 
paste, a conductive copper paste, a conductive nickel paste, or 
the like can be used. After being formed to have a predeter 
mined pattern, the conductive paste may be dried, Subjected 
to heat treatment at approximately 100 to 200° C. to be 
planarized (also referred to as leveled), and hardened. 

Note that with the gate electrode layer 307, not only the 
gate electrode of the thin film transistor but also the lower 
electrode of the microstructure body can be formed. 

After the gate electrode layer 307 is formed, a gate insu 
lating film 306 is formed. The gate insulating film 306 may be 
formed using a material and a method which are similar to 
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those of the gate insulating film 206. Although a CVD method 
is used here, a sputtering method, spin coating method, an 
evaporation method, or the like may be alternatively used. 
Alternatively, a siloxane resin, polysilaZane, or the like may 
be used in a similar manner to that of the interlayer insulating 
layer 215. Alternatively, as the gate insulating film, an insu 
lating film formed by anodization of the gate electrode may be 
used. 

Next, a filler material layer 318, an upper electrode layer 
319, and a structure layer 320 of the microstructure body are 
formed. The filler material layer 318 may be formed using a 
material and a method which are similar to those of the filler 
material layer 102 in Embodiment Mode 1. The upper elec 
trode layer 319 may beformed using a material and a method 
which are similar to those of the gate electrode layer 307. The 
structure layer 320 may be formed using a material and a 
method which are similar to those of the structure layer 104 in 
Embodiment Mode 1. 

Next, a source or drain electrode layer 316 of the thin film 
transistor is formed over the gate insulating film 306. The 
source or drain electrode layer 316 can be formed using a 
material and a method which are similar to those of the gate 
electrode layer 307. Note that an ohmic contact between the 
Source or drain electrode layer 316 and the organic semicon 
ductor film formed later is needed. Therefore, when an mate 
rial for the organic semiconductor film has p-type conductiv 
ity, a material having a work function higher than the 
ionization potential of the material for the organic semicon 
ductor film is preferably used; when the material for the 
organic semiconductor film has n-type conductivity, a mate 
rial having a work function lower than the ionization potential 
of the material for the organic semiconductor film is prefer 
ably used. Since pentacene that is a p-type material is used as 
the material for the organic semiconductor film here, tungsten 
having a relatively high work function is used as the material 
for the source or drain electrode layer 316. However, there is 
no limitation to this example. 

Next, the organic semiconductor film 304 is formed over 
the gate insulating film 306 and the source or drain electrode 
layer 316. As described above, pentacene is used as the mate 
rial for the organic semiconductor film of this embodiment 
mode. However, the material for the organic semiconductor 
film is not limited to this material and may be an organic 
molecular crystal oran organic high molecular compound. As 
the organic molecular crystal, specifically, there are polycy 
clic aromatic compounds, conjugated double bond com 
pounds, carotenes, and macrocycle compounds; complexes 
of these compounds; phthalocyanine; charge transfer com 
plexes (CT complexes); and the like. For example, it is pos 
sible to use anthracene, tetracene, pentacene, hexathiophene 
(6T), tetracyanoquinodimethane (TCNQ), a tetrathiaful 
valene-tetracyanoquinodimethane (TTF-TCNQ) complex, 
diphenylpicrylhydrazyl (DDPH), a pigment, a protein, a 
perylenetetracarboxylic acid derivative such as PTCDA, a 
naphthalenetetracarboxylic acid derivative such as NTCDA, 
or the like. Further, as the organic high molecular compound, 
specifically, there are pi-conjugated polymers, phthalocya 
nine metal complexes, iodine complexes, and the like. In 
particular, it is preferable to use a pi-conjugated polymer 
including a conjugated double bond, such as polyacetylene, 
polyaniline, polypyrrole, polythienylene, a polythiophene 
derivative, poly(3-alkylthiophene), a polyparaphenylene 
derivative, or a polyparaphenylenevinylene derivative. 

Further, a method by which a film having uniform thick 
ness can be formed may be used for forming the organic 
semiconductor film 304. Specifically, an evaporation method, 
a spin coating method, a bar coating method, a solution cast 
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ing method, a dip coating method, or the like may be used. 
Here, pentacene that is an organic semiconductor material is 
formed for the organic semiconductor film 304 over the gate 
insulating film 306 and the source or drain electrode layer 316 
by a vacuum evaporation method that is a kind of evaporation 
method. Preferably, the organic semiconductor film 304 is 
selectively formed by formation through a mask, for example. 

Note that as pretreatment for forming the organic semicon 
ductor film, ultraviolet light irradiation treatment or plasma 
treatment may be performed on a surface over which the 
organic semiconductor film is to be formed. The plasma treat 
ment or the like makes it possible to realize removal of 
organic Substances on the Surface over which the organic 
semiconductor film is to be formed and an improvement in 
work function (to facilitate electron injection). Alternatively, 
a film for improving adhesion to the surface over which the 
organic semiconductor film is to be formed or improving an 
interface state, for example, a self-assembled monolayer 
(SAM) film or an orientation film may be formed. 

Then, after the organic semiconductor film is formed, the 
insulating substrate 301 is subjected to heat treatment. The 
upper limit of the temperature for the heat treatment is lower 
than the temperature at which the organic semiconductor film 
304 is vaporized or decomposed. Heat treatment at a high 
temperature within this range improves characteristics of the 
organic TFT. Further, the temperature at this time is prefer 
ably less than or equal to the melting point of the organic 
semiconductor film. 

Note that the heat treatment may be performed in an atmo 
sphere but preferably in an inert gas atmosphere of nitrogen, 
argon, or the like in consideration of deterioration of the 
organic semiconductor film due to oxygen or water. Further 
more, the heat treatment is more preferably performed in a 
reduced pressure (e.g., 1.3x10 to 6.7x10 Pa). 

Note that the present invention is not limited to the above 
description, and that the microstructure body may be formed 
after the organic TFT is formed or the organic TFT may be 
formed after the microstructure body is formed. 
As described above, the bottom contact organic TFT and 

the microstructure body can beformed over one substrate (see 
FIGS. 9A-1 and 9A-2). 

Note that the organic TFT of the present invention is pref 
erably covered with a protective film. Here, an insulating 
inorganic film is used as the protective film. By covering the 
organic TFT with the insulating inorganic film, damage to the 
organic semiconductor film, which could be caused by the 
formation of the microstructure body, can be reduced, 
whereby influence on electrical properties of the organic TFT 
can be reduced. The protective film 322 covers at least the 
organic semiconductor film 3.04. 

Note that the organic TFT applied to the present invention 
is not limited to the above-described bottom contact organic 
TFT and may be a top contact organic TFT. A method of 
manufacturing the top contact organic TFT is briefly 
described below with reference to FIGS. 9B-1 and 9B-2. 

First, a gate electrode layer 407 is formed over an insulat 
ing Substrate 401 using a material and a method which are 
similar to those in the case of the bottom contact organic TFT, 
and a gate insulating film 406 is formed to cover the gate 
electrode layer 407. Note that a base film 402 is formed over 
the insulating substrate 401. 

Note that the gate electrode layer 407 forms not only the 
gate electrode of the thin film transistor but also the lower 
electrode of the microstructure body. 

Next, a filler material layer 418, an upper electrode layer 
419, and a structure layer 420 of the microstructure body are 
formed. The filler material layer 418 may be formed using a 
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material and a method which are similar to those of the filler 
material layer 102 in Embodiment Mode 1. The upper elec 
trode layer 419 may beformed using a material and a method 
which are similar to those of the gate electrode layer 407. The 
structure layer 420 may be formed using a material and a 
method which are similar to those of the structure layer 104. 

Next, the organic semiconductor film 404 is formed over 
the gate insulating film 406. Note that pentacene is used as the 
material for the organic semiconductor film of this embodi 
ment mode as well. However, the material for the organic 
semiconductor is not limited to this material but may be an 
organic molecular crystal or an organic high molecular com 
pound. As the organic molecular crystal, specifically, there 
are polycyclic aromatic compounds, conjugated double bond 
compounds, carotenes, and macrocycle compounds; com 
plexes of these compounds; phthalocyanine; charge transfer 
complexes (CT complexes); and the like. For example, it is 
possible to use anthracene, tetracene, pentacene, 
hexathiophene (6T), tetracyanoquinodimethane (TCNQ), a 
tetrathiafulvalene-tetracyanoquinodimethane (TTF-TCNQ) 
complex, diphenylpicrylhydrazyl (DDPH), a pigment, a pro 
tein, a perylenetetracarboxylic acid derivative Such as 
PTCDA, a naphthalenetetracarboxylic acid derivative such as 
NTCDA, or the like. Further, as the organic high molecular 
compound, specifically, there are pi-conjugated polymers, 
phthalocyanine metal complexes, iodine complexes, and the 
like. In particular, it is preferable to use a pi-conjugated poly 
mer including a conjugated double bond, Such as polyacety 
lene, polyaniline, polypyrrole, polythienylene, a poly 
thiophene derivative, poly(3-alkylthiophene), a 
polyparaphenylene derivative, or a polyparaphenylenevi 
nylene derivative. 

Further, a method by which a film having uniform thick 
ness can be formed may be used for forming the organic 
semiconductor film 404. Specifically, an evaporation method, 
a spin coating method, a bar coating method, a solution cast 
ing method, a dip coating method, or the like may be used. 
Here, pentacene that is an organic semiconductor material is 
formed for the organic semiconductor film 404 over the gate 
insulating film 406 by a vacuum evaporation method. Prefer 
ably, the organic semiconductor film 404 is selectively 
formed by forming through a mask, for example. 

Note that as pretreatment for forming the organic semicon 
ductor film, ultraviolet light irradiation treatment or plasma 
treatment may be performed on a surface over which the 
organic semiconductor film is to be formed. The plasma treat 
ment or the like makes it possible to realize removal of 
organic Substances on the Surface over which the organic 
semiconductor film is to be formed and an improvement in 
work function (to facilitate electron injection). Alternatively, 
a film for improving adhesion to surface over which the 
organic semiconductor film is to be formed or improving an 
interface state, for example, a self-assembled monolayer 
(SAM) film, an orientation film, or the like may be formed. 
Note that here, although the organic semiconductor film 

404 is formed after the filler material layer 418 is formed, the 
filler material layer 418 may be formed after the organic 
semiconductor film 404 is formed. After the gate electrode 
layer 407 is formed, the filler material layer 418 may be 
formed before a source or drain electrode layer 416 is formed. 
However, in order to improve electrical properties of the 
organic semiconductor film, the organic semiconductor film 
404 is preferably formed after the filler material layer 418 is 
formed. In that case, the above ultraviolet light irradiation 
treatment or plasma treatment is preferably performed after 
the formation of the filler material layer 418 and before the 
formation of the organic semiconductor film 404. 
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Then, the source or drain electrode layer 416 is formed. 
The source or drain electrode layer 416 may be formed using 
a material and a method which are similar to those in the case 
of the bottom contact organic TFT. 

Note that an ohmic contact between the source or drain 
electrode layer 416 and the organic semiconductor film 404 is 
needed. Therefore, when a material for the organic semicon 
ductor film has p-type conductivity, a material having a work 
function higher than the ionization potential of the material of 1 
the organic semiconductor film is preferably used; when the 
material for the organic semiconductor film has n-type con 
ductivity, a material having a work function lower than the 
ionization potential of the material of the organic semicon 
ductor film is preferably used. Here, since pentacene that is a 
p-type material is used as the material for the organic semi 
conductor film, tungsten having relatively a high work func 
tion is used as the material for the source or drain electrode 
layer 416. 

Then, after the organic semiconductor film is formed, the 
insulating substrate 401 is subjected to heat treatment. The 
upper limit of the temperature for the heat treatment is lower 
than the temperature at which the organic semiconductor film 
404 is vaporized or decomposed. Heat treatment at a high 
temperature within this range improves characteristics of the 
organic TFT. Further, the temperature at this time is prefer 
ably less than or equal to the melting point of the organic 
semiconductor film. 

Note that heat treatment may be performed in an atmo 
sphere but preferably in an inert gas atmosphere of nitrogen, 
argon, or the like in consideration of deterioration of the 
organic semiconductor film due to oxygen or water. Further 
more, the heat treatment is more preferably performed in a 
reduced pressure (e.g., 1.3x10 to 6.7x10 Pa). 

Note that the present invention is not limited to the above 
description, and that the microstructure body may be formed 
after the organic TFT is formed or the organic TFT may be 
formed after the microstructure body is formed. 
As described above, the bottom contact organic TFT and 

the microstructure body can beformed over one substrate (see 
FIGS.9B-1 and 9B-2). 

Note that the organic TFT of the present invention is pref 
erably covered with a protective film. Here, an insulating 
inorganic film is used as the protective film. By covering the 
organic TFT with the insulating inorganic film, damage to the 
organic semiconductor film, which could be caused by the 
formation of the microstructure body, can be reduced, 
whereby influence on electrical properties of the organic TFT 
can be reduced. The protective film 422 covers at least the 
organic semiconductor film 404. 

Note that although the case is described above in which the 
lower electrode of the microstructure body and the gate elec 
trode of the microstructure body are formed by patterning one 
layer by one step and the upper electrode of the microstruc 
ture body and the source or drain electrode are formed by 
patterning one layer by one step, the present invention is not 
limited to this case. For example, even when the organic TFT 
is used, it is not necessary that the lower electrode of the 
microstructure body and the gate electrode of the microstruc 
ture body are formed by patterning one layer by one step and 
the upper electrode of the microstructure body and the source 
or drain electrode are formed by patterning one layer by one 
step. 

Further, according to the present invention, by forming the 
microstructure and the semiconductor element over one Sub 
strate, a semiconductor device which does not need to be 
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assembled or packaged and does not require high manufac 
turing cost can be provided. Further, manufacturing steps can 
be greatly reduced. 
As described above, it is possible to form the microstruc 

ture body of the present invention and the transistor over one 
substrate. Further, as described above, the microstructure 
body of the present invention can be manufactured applying 
any of a variety of methods. 
The microstructure body of the present invention, which is 

manufactured as described above, can be applied to a pressure 
sensor or a display device or the like using an interference 
method. 

Embodiment Mode 3 

By applying the present invention, a strain gauge can be 
manufactured. In this embodiment mode, a strain gauge to 
which the present invention is applied is described with ref 
erence to drawings. 

FIGS. 12A and 12B are schematic views showing the strain 
gauge manufactured using the microstructure body to which 
the present invention is applied. Note that FIG. 12B is a top 
view and FIG. 12A is a cross-sectional view taken along a line 
X-X" in FIG. 12B. 

In the microstructure body shown in FIGS. 12A and 12B, a 
filler material layer 501 is provided over a substrate 500, a 
conductive layer 502 is provided over the filler material layer 
501, and a structure layer 503 is provided over the conductive 
layer 502. The conductive layer 502 is patterned so as to have 
a predetermined length. 

Here, the straingauge is described. The term "strain gauge' 
means a measuring device that can measure the amount of 
change in resistance value, which is generated when an object 
is strained, and can measure the strain amount from this 
amount of change. This amount of change in resistance value 
is extremely small and therefore detected by being converted 
to voltage with the use of a Wheatstone bridge circuit. 

FIG. 13 illustrates a Wheatstone bridge circuit used in this 
embodiment mode. The Wheatstone bridge circuit illustrated 
in FIG. 13 includes a strain gauge 510, a first resistor element 
511, a second resistor element 512, and a resistor element 
513, which is a generally well-known structure in which one 
of four resistor elements included in a Wheatstone bridge 
circuit is a strain gauge. When r denotes the initial resistance 
value of the strain gauge, R. denotes the resistance value of 
the first resistor element 511, R. denotes the resistance value 
of the second resistor element 512, and R. denotes the resis 
tance value of the third resistor element 513, output voltage 
V and input voltage V satisfy the following equation (4). 

rR2 - RIRs W Equation 4 
T (r+R)(R2 + Rs)" Vout 

Here, in the case of r-R-R-R-R, when a strain is intro 
duced to the strain gauge to change the resistance value to 
R+AR, the amount of change AV in output Voltage V, is 
represented by the following equation (5). 

Equation 5 
Vout = V 

When the resistance value R is sufficiently large, AR is 
much less than R, and accordingly AV is represented by the 
following equation (6). 



US 7,872,320 B2 
23 

AR W V K 
4R 2AR in 4 

Equation 6 
A Vout = 

Here, Kdenotes an experimentally obtained gauge rate and 
is a constant value. The equation 6K=AR/R is satisfied 
between the strain amount 6 and the gauge rate K. Therefore, 
by measuring AR, the strain amount 6 can be obtained. The 
strain gauges described in this embodiment mode may be 
arranged in matrix. 

Manufacture of the strain gauge by applying the micro 
structure body of the present invention makes it possible to 
prevent the structure layer from being damaged. Thus, a strain 
gauge having a movable portion with high mechanical 
strength and high reliability can be provided. Further, yield in 
the manufacturing process of the strain gauge can be 
improved. 

This application is based on Japanese Patent Application 
serial no. 2007-289224 filed with Japan Patent Office on Nov. 
7, 2007, the entire contents of which are hereby incorporated 
by reference. 
What is claimed is: 
1. A micro-electro-mechanical device comprising: 
a microstructure body, the microstructure body compris 

1ng: 
a lower electrode layer on an insulating Surface; 
a filler material layer over the lower electrode layer; 
an upper electrode layer overlapping with the lower elec 

trode layer with the filler material layer interposed ther 
ebetween; and 
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a structure layer over the upper electrode layer, 
wherein the structure layer includes a portion capable of 

moving, and 
wherein the filler material layer comprises an insulating 

material including plural pores. 
2. The device according to claim 1, wherein the plural pores 

include pores reaching a surface of the filler material layer. 
3. The device according to claim 1, wherein percentage of 

the plural pores included in the filler material layer is greater 
than or equal to 20 and less than or equal to 80. 

4. The device according to claim 1, wherein the filler mate 
rial layer includes a block copolymer. 

5. The device according to claim 4, wherein the block 
copolymer includes at least one material selected from a 
group consisting of hydrophobic aromatic hydrocarbon, 
hydrophobic aliphatic unsaturation hydrocarbon, hydrophilic 
aliphatic hydrocarbon, hydrophilic aromatic hydrocarbon, 
hydrophobic siloxane, and metal complex. 

6. The device according to claim 4, wherein the block 
copolymer includes at least one material selected from a 
group consisting of polymethylmethacrylate, polystyrene, 
polyfluorene, polybutadiene, polyisoprene, polyvinyl alco 
hol, polyethylene glycol, polyvinyl pyridine, polystyrene Sul 
fonic acid, poly dimethylsiloxane, and poly ferrocene. 

7. The device according to claim 1, wherein the filler mate 
rial layer has a cylinder structure, a gyroid structure, or a 
lamellar structure. 


